We investigated whether embolic particles could be detected as high-intensity transient signals (HITS) with a Doppler guide wire during percutaneous coronary intervention (PCI) in patients with acute myocardial infarction (AMI) We also assessed whether these signals could be reduced using a distal protection (DP) device. BACKGROUND Embolization of thrombi and plaque components to the microcirculation is a major complication of PCI in patients with AMI. Embolic particles running in the cerebral artery are detected as HITS by transcranial Doppler ultrasound.
One of the major complications of percutaneous coronary intervention (PCI) in patients with acute myocardial infarction (AMI) is distal embolization due to thrombi and plaque components liberated by balloon inflation. Recently, distal protection (DP) devices have been used during PCI in patients with AMI for the prevention of distal embolization. However, the randomized, multicenter Enhanced Myocardial Efficacy and Removal by Aspiration of Liberalized Debris (EMERALD) trial (1) showed that DP devices cannot improve ST-segment resolution, infarct size, myocardial brush, or 30-day major adverse cardiac events in patients with AMI. This result was disappointing for cardiologists and raised questions regarding: 1) whether distal embolization actually occurs and what amounts of emboli are produced by PCI in AMI; and 2) whether the DP device can reduce embolic events. To answer these questions, it is necessary to establish a method that can detect and quantify the embolic particles liberated by PCI.
Emboli in the cerebral artery can be detected as highintensity transient signals (HITS) by transcranial Doppler ultrasound (2) . These HITS have been detected in patients with mechanical prosthetic valves (3), carotid stenosis (4), and ischemic stroke (3), as well as during carotid endarterectomy (5) . In a previous study, we reported that an intracoronary Doppler guide wire is a simple and reliable device for the detection of epicardial coronary flow velocity during PCI (6) . Recently, it was reported (7) that the Doppler guide wire can also detect HITS immediately after balloon deflation during elective PCI. However, it remains unclear whether these HITS are caused by emboli themselves, because they cannot exclude the possibility that the observed signals might have been caused by restoration of anterograde flow after balloon deflation. Therefore, it is necessary to perform a negative control study to monitor the coronary blood flow velocity spectrum after restoration of anterograde flow after balloon deflation in the absence of liberated emboli.
In the present study, we investigated whether the Doppler guide wire could detect HITS during PCI in patients with AMI and whether these HITS disappeared with the use of the DP device; this represents a negative control study of HITS, and the results confirm the effect of the DP device.
METHODS

Study population.
We performed a prospective study in 18 consecutive patients with AMI referred to our hospital between January 2004 and June 2004 who fulfilled the following criteria: 1) chest pain Ͼ30 min in duration and presentation Յ24 h after symptom onset; 2) ST-segment elevation Ն2 mm in at least two contiguous electrocardiographic leads; 3) Thrombolysis In Myocardial Infarction (TIMI) trial flow grade 0, 1, or 2 on the initial coronary angiogram; and 4) reference luminal diameter Ն3 mm in the infarct-related artery. Exclusion criteria were cardiogenic shock, previous bypass surgery, and atrial fibrillation. One patient was excluded because of cardiogenic shock, and another was excluded because of atrial fibrillation. Thus, 16 patients were enrolled in the present study. We used a PercuSurge GuardWire (MedtronicAVE, Santa Rosa, California) as the DP device. The present study was a randomized and prospective trial to compare the number of HITS detected by the Doppler guide wire immediately after the first balloon deflation during PCI with DP (DP group) and without DP (non-DP group). Eight patients were randomly assigned to the non-DP group, and the remaining eight were assigned to the DP group. This study was in compliance with the Declaration of Helsinki with regard to investigations in humans, and the study protocol was approved by the Ethics Committee of our hospital. Written, informed consent was obtained from all patients before cardiac catheterization. Protocols. Each patient was given aspirin (243 mg) at least 30 min before PCI. After intravenous administration of heparin (100 U/kg), we performed left and right coronary angiography using the femoral approach with the Judkins technique. Coronary aspiration was performed for the infarct-related artery using an aspiration catheter (Export) to measure the distal coronary diameter of the distal occlusion balloon. Then, the tip of the Doppler guide wire (FloMap, Volcano Therapeutics, Rancho Cordova, California) was positioned 2 to 3 cm distal from the culprit lesion, and the coronary blood flow velocity spectrum was recorded on videotape. In the DP group, the 0.014-inch (2.54-cm) hollow-core GuardWire was advanced beyond the culprit lesion but before the tip of the Doppler guide wire. After inflation of the distal occlusion balloon until anterograde flow was halted, the angioplasty balloon was advanced at the culprit lesion over the GuardWire, and then the first balloon inflation was performed for the culprit lesion. After angioplasty balloon deflation, the aspiration catheter was advanced over the GuardWire to aspirate liberated thrombi and plaque components, and the distal occlusion balloon was deflated to restore anterograde flow. In the non-DP group, the same procedure was performed without DP.
Coronary flow velocity was recorded continuously during this procedure. Finally, coronary stenting was performed for all patients to achieve a residual diameter stenosis of Ͻ25%. Analysis of coronary blood flow velocity data. The coronary blood flow velocity spectrum recorded on videotape was digitized using an off-line personal computer. We defined HITS as the following characteristics to distinguish emboli signals from artifacts, such as wire motion: 1) visual high-intensity signals; and 2) unidirectional signals within the advancing velocity spectrum. Statistical analysis. All data are expressed as the mean value Ϯ SD. All statistical analyses were performed using StatView (Abacus Concepts Inc., Berkeley, California). The unpaired Student t test was used to compare continuous variables, and the chi-square test was used to compare categorical variables. A p value Ͻ0.05 was considered to indicate statistical significance. Table 1 summarizes the patient characteristics. There were no significant differences among the two groups with regard to age, gender, incidence of coronary risk factors, mean aortic pressure, heart rate, culprit location, reperfusion time, TIMI flow grade before PCI, TIMI flow grade after PCI, stent implantation, peak creatine kinase level, or left ventricular ejection fraction at discharge (22 Ϯ 4 days). Figure 1 shows the representative coronary blood flow velocity spectra of the two groups. Immediately after balloon deflation, HITS were clearly detected in the non-DP group, but not in the DP group. The HITS were detected in all patients in the non-DP group within five consecutive beats (4 Ϯ 1 beat) after balloon deflation, and their number was 12 Ϯ 9 counts. In contrast, HITS were not detected in any patient in the DP group (Fig. 2) .
RESULTS
DISCUSSION
The results of the present study demonstrated for the first time that: 1) an intracoronary Doppler guide wire can detect emboli as HITS associated with PCI, allowing us to count their number; and 2) use of the DP device can effectively reduce the number of embolic particles.
The DP device can aspirate liberated plaque and thrombotic debris in patients with AMI (8, 9) . However, it remains unknown whether this device can adequately reduce the embolic burden in a clinical setting. The results of the present study directly showed that PCI indeed produces embolic particles in patients with AMI, and that the DP device can reduce their number. The randomized, multicenter EMERALD trial (2) failed to show the usefulness of the DP device in patients with AMI and suggested that distal embolization caused by the PCI procedure does not play a major role in the myocardial injury associated with AMI. The results of the present study supported this observation, as embolic events may only occur just after the
Abbreviations and Acronyms
Visualization of Distal Emboli During PCI in AMI PCI procedure, the number of embolic particle is small (mean 12 Ϯ 9 counts), and the DP device works well. In our clinical experience, however, the DP device is sometimes useful, especially in patients whose culprit lesions have some volume of thrombi and/or plaque. We showed that the Doppler guide wire can easily detect emboli as HITS and allowed us to determine their number. Further Doppler guide wire studies are required to determine the characteristics of the culprit lesions that are responsible for the production of large numbers of embolic particles during PCI. Study limitations. In the present study, it is not clear what size of distal emboli can be detected by the Doppler guide wire. We tried to calculate the size by the duration and velocity of HITS. The size was calculated according to the equation: size of emboli ϭ velocity of HITS (mm/s) ϫ duration of HITS (s), and the calculated size was 1.73 Ϯ 0.81 mm. We are not sure that this equation really reflects the size of emboli, and further basic studies are required using techniques such as intracoronary injection of microspheres to determine the size limitation of detection by the Doppler guide wire. Data are expressed as the mean value Ϯ SD or number (percentage) of subjects. DP ϭ distal protection; LAD ϭ left anterior descending coronary artery; LCx ϭ left circumflex coronary artery; LVEF ϭ left ventricular ejection fraction; PCI ϭ percutaneous coronary intervention; RCA ϭ right coronary artery; TIMI ϭ Thrombolysis In Myocardial Infarction.
